We present the results of an infrared imaging survey of two clusters in the Cep OB2 Association, Tr 37 and NGC 7160, using the IRAC and MIPS instruments on board the Spitzer Space Telescope. Our observations cover the wavelength range from 3.6 to 24 m, allowing us to detect disk emission over a typical range of radii $0.1 to $20 AU from the central star. In Tr 37, with an age of about 4 Myr, about 48% of the low-mass stars exhibit detectable disk emission in the IRAC bands. Roughly 10% of the stars with disks may be ''transition'' objects, with essentially photospheric fluxes at wavelengths 4.5 m but with excesses at longer wavelengths, indicating an optically thin inner disk. The median optically thick disk emission in Tr 37 is lower than the corresponding median for stars in the younger Taurus region; the decrease in infrared excess is larger at 6-8 m than at 24 m, suggesting that grain growth and/or dust settling has proceeded faster at smaller disk radii, as expected on general theoretical grounds. Only about 4% of the low-mass stars in the 10 Myr old cluster NGC 7160 show detectable infrared disk emission. We also find evidence for 24 m excesses around a few intermediate-mass stars, which may represent so-called ''debris disk'' systems. Our observations provide new constraints on disk evolution through an important age range.
INTRODUCTION
The evolution of protoplanetary disks is not well understood. Observations of (mostly near-) infrared disk emission and gaseous accretion onto central stars show a strong decline in the frequency of these disk signatures between $1 and 10 Myr (Strom et al. 1989; Skrutskie et al. 1990; Hillenbrand et al. 1998; Lada et al. 2000; Muzerolle et al. 2000; Haisch et al. 2001; Briceño et al. 2001; Sicilia-Aguilar et al. 2005b , hereafter Paper II; Calvet et al. 2005) . This decrease in dust emission and gas accretion is plausibly related to giant planet formation, which is thought to take a few megayears or more in the core accretion picture (e.g., Podolak et al. 1993 and references therein). However, until recently there have been few studies of disk systems in the potentially crucial $3-10 Myr age range.
To address this problem, we have been conducting extensive studies of the young clusters Tr 37 and NGC 7160 in the Cep OB2 association, located at a distance of 900 pc (Contreras et al. 2002) . We showed that these clusters do span the desired age range, with ages of $4 Myr for Tr 37 and $10-12 Myr for NGC 7160 (Sicilia-Aguilar et al. 2004 , hereafter Paper I; Paper II). On the basis of signatures of accretion (H emission and U-band continuum excesses) and inner disk dust emission (near-IR excess), we found that disks around low-mass stars (spectral types G to $M2) are common ($40%-45%) in Tr 37, but are very infrequent (a few percent) around stars in NGC 7160. In addition, we found that disk accretion rates in Tr 37 are roughly comparable to, if not a bit lower than, accretion rates for the younger ($2 Myr old) Taurus stars .
Infrared observations at wavelengths longward of $2 m are needed to study disk properties out beyond the innermost regions. Grain growth, settling to the midplane, and formation of rocky planetesimals are thought to occur fastest in the inner disk (e.g., Hayashi et al. 1985) ; the corresponding reduction in the abundance of small dust particles would result in a faster decline of disk emission at shorter wavelengths (Strom et al. 1989; Skrutskie et al. 1990 ). Of particular interest are ''transition disk'' objects, systems with strong mid-to far-infrared disk emission but very weak or absent near-infrared emission, and sometimes strongly reduced or absent gaseous accretion, such as TW Hya Uchida et al. 2004) and CoKu Tau 4 (Forrest et al. 2004; D'Alessio et al. 2005b) . Determining the frequency of such ''cleared-out'' inner disks as a function of age might yield clues to the processes of planet formation.
The Spitzer Space Telescope opens a new window for the study of the properties of protoplanetary disks and, in particular, more evolved disks that may be present in older regions. The vast increase in sensitivity over ground-based studies represented by Spitzer is essential for studying disk emission in these relatively distant Cep OB2 clusters. In this paper, we report the infrared photometry obtained with the Infrared Array Camera (IRAC; Fazio et al. 2004 ) and the Multiband Imaging Photometer (MIPS; Rieke et al. 2004) on Spitzer in Tr 37 and NGC 7160, observed as a part of a GTO (guaranteed time observing) program to study the evolution of protoplanetary disks.
We find that disk frequencies around low-mass stars do not increase very much from our previous results as a result of the detection of longer wavelength emission, although we do find a few transition disks in both clusters. More importantly, we find evidence for evolution in disk emission in Tr 37 as compared with younger regions. Comparing the median spectral energy distribution (SED) of Tr 37 with that of the younger Taurus region, we find that in Tr 37 the emission in the IRAC bands is significantly lower, while the 24 m fluxes are only slightly reduced from typical Taurus levels; this suggests faster evolution in the inner disk. We also detect disk emission from a few Herbig Ae/Be stars. In addition, we find weak 24 m excesses in a few intermediate-mass stars at levels comparable to those seen in nearby ''debris disk'' systems (objects whose dust is thought to be produced by collisions between large bodies). These results should help in building a picture of protoplanetary disk evolution during the likely epoch of planet formation.
OBSERVATIONS

IRAC
Tr 37 and NGC 7160 were observed using the IRAC on Spitzer on 2003 December and 2004 March, respectively, as a part of an IRAC GTO program to study protoplanetary disks and disk evolution. IRAC is equipped with a four-channel camera, with central wavelengths of approximately 3.6, 4.5, 5.8, and 8 m ; each field of view covers a square area of approximately 5A2 per side.
Both clusters were imaged using the IRAC mapping mode, a map size of nine rows by eight columns, and with 280 00 spacing between fields. At each map position, five dithered images were obtained. The total area mapped in each case corresponds to a square of about 45 0 per side. This area corresponds to a large fraction of the area covered optically (see Figs. 1 and 2) and includes most of the cluster members we identified in Paper I and Paper II. The images were taken in pairs (3.6 and 5.8 m; 4.5 and 8 m), which produced an offset in the final mosaic fields of 5A2. Observations were repeated taking long (30 s) and short (1 s) exposures (the IRAC ''high dynamic range'' mode), in order to obtain a larger range of nonsaturated magnitudes, covering the magnitude range 9.5-14.5 at 3.6 and 4.5 m, and 8-13 at 5.8 and 8 m.
The Tr 37 data were calibrated using the standard Spitzer Science Center pipeline software, whose outputs are Basic Calibrated Data (BCD) FITS files for each exposure, and the image mosaics were created from the BCD data using the MOPEX mosaicker (Makovoz & Khan 2006) . We used pipeline version S9.0.1. The NGC 7160 observations used the BCD data, also pipeline version S9.0.1, and mosaics were created with a custom IDL program developed by R. Gutermuth (Gutermuth et al. 2004) . Both programs produce similar quality mosaics. We did not resize the pixel scale of any of the mosaics. Long and short exposures were mosaicked separately, and the best photometry was selected for each star depending on its magnitude, saturation limits, and signal-to-noise ratio (S/N ).
Source finding and photometry were performed using Gutermuth's PhotVis version 1.08, which incorporates Landsman's IDLPHOT package into an interactive GUI (Landsman 1993) , using a daofind-like routine, and a 10 threshold. We obtained aperture photometry using 5 pixel radius apertures and an aperture correction up to a 10 pixel radius. Sky annuli covering radii from 10 to 20 pixels was used for measuring sky fluxes. Geometrical corrections have to be applied to account for the different area subtended per pixel (ranging from 1B21 to 1B22) in each one of the channels. The BCD data are already calibrated in units of megajanskys per steradian, and the calibrated magnitudes were obtained using the zero-point fluxes for Vega and the appropriate BCD zeropoint magnitude. PhotVis also estimates the errors in the measured magnitudes according to the number of counts and background noise from the subtracted sky. An additional source of error comes from problems in the flat fielding of the images, which are not yet resolved. However, particularly for the brighter sources, the photometric errors are dominated by as yet unresolved problems caused by the spatially dependent color terms in the flat field; 8 these can lead to peak to peak variations of 5%-10% in the photometry. This translates into an average error of AE0.05 mag. The parameters and zero points used in the calibration are listed in Table 1 .
Each IRAC channel was measured and calibrated independently and matched to the rest of the channels using the coordinates. The optical counterparts (when available) were matched to the IRAC data using 2MASS coordinates. The J2000.0 coordinates, optical photometry, and 2MASS magnitudes are listed in Paper II; Tables 2, 3 , 4, and 5 show the IRAC magnitudes for the members of the clusters. Nearly all the stars in our optically selected sample with V < 19 within the IRAC fields show lowerror, well-detected fluxes at IRAC wavelengths, with (we believe) accurate and high-S/ N photometry.
Several dust structures, including a bright, extincted, gas and dust globule to the west of HD 206267 (Paper II), are visible in the IRAC maps of Tr 37 (see Fig. 3 ). The photometry in the Tr 37 globule was done differently, due to the fact that the strong dust emission from the globule made automatic detection very difficult. We selected by hand the pointlike objects visible at each one of the wavelengths, and used PhotVis and the apphot package in IRAF 9 for measuring fluxes and magnitudes. Apertures of 3 pixels with their corresponding aperture corrections from 3 to 10 pixels and a sky annulus from 5 to 10 pixels were used in the photometry, in order to avoid contamination from the emission from the globule as much as possible. The fluxes measured with IRAF and PhotVis are consistent and give the same magnitudes within errors. Nevertheless, for the objects located within filaments and in zones of rapidly changing background, IRAF fluxes were preferred, since the estimation of the sky value in IDLPHOT did not always converge for stars with rapidly changing backgrounds. Table 2 is also available in machine-readable form in the electronic edition of the Astrophysical Journal. A comment was added in the last column when the star is not present in the MIPS field ( NoMIPS) or in the IRAC field ( NoIRAC). In some cases the stars do not have either 3.6 and 5.8 m or 4.5 and 8 m observations because of the mapping strategy. Other comments: Gl=star related to the globule; cI=Class I star; TO=transition object; e8=small excess at 8 m but no other wavelengths; P=IRAC and optical /JHK magnitudes do not match, possible problems or strong variations; (70)=MIPS 70 m data available for 13-277, flux 0:829 AE 0:193 Jy.
We detected approximately 200 potential sources in the globule, although only $140 of them could be clearly identified at three or more wavelengths. We mostly required the detected objects to have JHK colors from the 2MASS survey consistent with young stars, in order to reduce the contamination from other astronomical objects and false detections of unresolved nebulosity knots misidentified as stars. The exceptions were two objects detected by Reach et al. (2004) (their and ), along with six more very red objects (potential protostars) with good IRAC detections. For the other objects, we selected potential members using the J À H versus H À K color-color diagram, and the J versus J À H diagram. About 120 of the stars in the globule had JHK colors consistent with reddened low-mass stars with and without disks, although some contamination from giants and/or heavily reddened background objects is expected in this sample. This process resulted in the identification of a total of 43 potential globule members (see Fig. 4 and Table 6 ), together with 14 probable members (denoted by ''P'' in Table 6 ). Table 3 is also available in machine-readable form in the electronic edition of the Astrophysical Journal. A comment was added in the last column when the star is not present in the MIPS field ( NoMIPS) or in the IRAC field ( NoIRAC). In some cases the stars do not have either 3.6 and 5.8 m or 4.5 and 8 m observations because of the mapping strategy. Other comments: TO=transition object; e8=small excess at 8 m but no other wavelengths. Table 4 is also available in machine-readable form in the electronic edition of the Astrophysical Journal. A comment was added when a star is not contained in the MIPS ( NoMIPS) or IRAC ( NoIRAC) fields. Other comments: HAe/ Be=Herbig Ae/ Be star; D=optically thin disk, the value in parentheses shows the ratio of the excess flux at 24 m compared to the photospheric flux; e8= excess emission at 8 m; colon=uncertain value; (1)=for these close companions, it is unclear whether the Spitzer magnitudes measured belong to one, the other or both stars together. (70) 
MIPS
We obtained 24 and 70 m photometry for Tr 37 and NGC 7160 using MIPS for Spitzer (see Rieke et al. 2004 ) in 2004 July and August, respectively. Both clusters were observed in both wavelengths simultaneously using scan mode with half-array offsets. Both detectors cover a square field of 5 0 per side. A total of 14 scan legs of length 0N75 and 12 legs of length 0N5 were taken for Tr 37 and NGC 7160, respectively; the total map area including overscan for each region is then 45 0 ; 90 0 and 30 0 ; 60 0 . The area covered by the MIPS fields is displayed in Figures 1 and  2 , and a combined IRAC-MIPS image showing Tr 37 is shown in Figure 3 . Medium scan rate was used, resulting in 4 s exposure per image, or a total of about 80 s per point at 24 m and 40 s per point at 70 m given the scan redundancy and overlap between legs. Each field was done combining a total of 10 dithers per scan, resulting in 20 combined images per point since there is a half-array overlap.
The mosaics were created using the MIPS instrument team Data Analysis Tool ( DAT), which calibrates the data, applies a distortion correction to each image, and finally combines them ). The object detection and aperture photometry at 24 m was done using PhotVis, with an aperture of 6 pixel radius, and an aperture correction to 12 pixel radius. The magnitudes were calibrated using the flux for a standard A-type star (see Table 1 ). Finally, 24 m detections were matched with the clusters members using their respective coordinates. The magnitudes at 24 m are listed in Tables 2, 3 , 4, and 5. The threshold for 24 m detections corresponds to kF k $ 1 ; 10 À13 ergs cm À2 s
À1
, F $ 1 mJy, or magnitude $10, although detectability may vary depending on the brightness of the background, among other factors. We can consider these values as an upper limit to all the stars within the MIPS field and without 24 m data in the tables. The IRAC objects detected in the globule as potential members were matched with the 24 m MIPS photometry. The MIPS data was not used for candidate selection since it is hard in some cases to distinguish the strong dust emission at 24 m from the globule and the emission from the disk. The photometry of the globule members at 24 m is generally good, but several stars may have strong contamination from the globule emission, resulting in uncertain 24 m fluxes and magnitudes which are marked as uncertain in Table 6 .
The 70 m frames were further processed by applying a time filter on each scan leg in order to remove time-dependent transient effects such as source and stimulator latency and readoutdependent drifts. Standard aperture photometry was performed, using an aperture size of 1.83 pixels, and applying an aperture correction based on the STinyTim point-spread function ( PSF) model. Only 11 sources could be identified clearly in Tr 37, of which only 4 correspond to cluster members. Their fluxes are listed in the notes to Tables 2, 4, and 6. Figure 5 shows four different infrared color-color diagrams for the low-mass stars in Tr 37 and NGC 7160. We distinguish Table 5 is also available in machine-readable form in the electronic edition of the Astrophysical Journal. A comment was added when a star is not contained in the MIPS ( NoMIPS) or IRAC ( NoIRAC) fields. Other comments: HAe/ Be=Herbig Ae/ Be star; D=optically thin disk, the value in parentheses shows the ratio of the excess flux at 24 m compared to the photospheric flux; e8= excess emission at 8 m; colon=uncertain value. Class I sources (protostars) are denoted by large circles; Class II sources (CTTSs) are denoted by small squares; probable members are denoted by diamonds. Note the presence of embedded sources within the filaments in the globule. These sources are very likely to be cluster members, but measuring their fluxes is difficult due to the strong contamination from the globule emission, so they cannot be classified. between classical T Tauri stars (CTTSs), thought to be accreting gas from a circumstellar disk, and weak (emission) T Tauri stars ( WTTSs), whose spectral line emission is chromospheric; these optical spectroscopic classifications are based on the equivalent width ( EW ) of H emission as a function of spectral type from Paper II, using the criteria of White & Basri (2003) with some interpolation at K6 (see x 4.1). We begin by discussing the IRAC-only ½3:6 À ½4:5 versus ½5:8 À ½8:0 diagram in the top left panel. Almost all the CTTSs exhibit infrared excess emission, as expected if disk accretion is producing the strong H emission, while most of the WTTSs have colors near zero, consistent with photospheric infrared fluxes and weak, chromospheric H emission. However, there are a modest number of apparent WTTSs with significant infrared excess emission, and a very few apparent CTTSs with no detected infrared excesses. We examine the possible uncertainties which could negate the usual relation between H emission and infrared excess in x 4.1.
RESULTS
Disks around Low-Mass Stars
For comparison, the box with the dotted line defines the area containing nearly all the CTTSs measured in the IRAC Taurus survey of Hartmann et al. (2005) . While there is considerable overlap of the Tr 37 (and NGC 7160) CTTSs with the Taurus stars, there is a slight systematic offset in the sense that the Cep OB2 stars studied here tend to be somewhat bluer in the IRAC bands. Hartmann et al. (2005) found median CTTS colors of ½3:6 À ½4:5 ¼ 0:40 and ½5:8 À ½8 ¼ 0:83, while the median colors in Tr 37 are $0.3 and 0.7, respectively.
The box formed by the dashed line indicates the colors predicted by the irradiated accretion disk models by D' Alessio et al. (2005a) . These models assume that the dust is well-mixed with the gas and thus do not include settling to the midplane. The IRAC observations agree reasonably well with the predictions of these models, though there is a tendency for the typical systems to have less infrared excess emission than most models.
The top left panel of Figure 5 also shows the presence of several objects which have photospheric ½3:6 À ½4:5 colors, within measurement errors, while exhibiting red ½5:8 À ½8:0 colors indicating outer disk emission. Most of these objects are apparent WTTSs, although a few are apparently accreting CTTSs. These objects are discussed in more detail in x 4.2. The other three panels in Figure 5 show colors including the MIPS 24 m results to provide a longer wavelength baseline over which to detect disk emission. Since the sensitivity of the 24 m data is not sufficient to detect diskless low-mass stars, most of the WTTSs do not appear in these diagrams. The top right panel shows the ½3:6 À ½5:8 versus H À ½24 colors, compared to the models by D' Alessio et al. (2005a) . The CTTSs tend to have H À ½24 colors somewhat redder than many models; uncertainties in the stellar photospheric fluxes and emission from the inner disk ''wall'' at the dust destruction radius may account for the discrepancy. Note the large excesses for the protostar (Class I source) 213645+572933 at 24 m.
The other two panels in Figure 5 show similar behavior; the long-wavelength colors of the program objects tend to be somewhat redder than typical of the models. In the fourth panel we also show the region of observed excesses in the young cluster NGC 7129 from Muzerolle et al. (2004) as a dot-dashed box, indicating general agreement with our program object colors.
Figures 6a-6i display the SEDs for the Tr 37 low-mass members, and Figures 7a-7c show the SEDs for the NGC 7160 f i g . 6afig. 6bfig. 6cfig. 6dfig. 6efig. 6ffig. 6gfig. 6hfig. 6i Fig. 6 .-SEDs for low-mass stars in Tr 37. The fluxes are calculated from the UVRI photometry (4Shooter/1.2 m), JHK 2MASS photometry ( Vizier Online Data Catalog II /246), and IRAC/ MIPS magnitudes. The individual reddening correction has been applied in each case (see Paper II for details). Spectral type and H emission are indicated, together with the name and type (c=CTTS; w=WTTS; see Paper II ). For comparison, the photospheric emission of a star of similar spectral type (derived from Kenyon & Hartmann 1995 , and fitted to the VRI data) is displayed. For all the stars with excesses above the photosphere, the median disk SED in Taurus (dashed line) and the median disk SED in Tr 37 (solid line) are displayed, scaled to the flux in H (see text).
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Fig. 6b fig. 10afig . 6a Fig. 6a fig. 10afig. 6a Fig. 6c  fig. 10afig . 6a Fig. 6d low-mass members (in both cases, ordered by right ascension, like the objects in the tables). The SEDs were constructed by combining the IRAC/ MIPS data with optical photometry from Papers I and II, corrected for reddening ( Paper II ). Photospheric fluxes for a standard star of the appropriate spectral type are indicated by a dotted curve. There is a ''jump'' between the optical and 2MASS/ IRAC data for 14-183, and discontinuities between the 2MASS and IRAC results for 13-232 and 12-1968 . We have reviewed the observations and find no obvious errors; variability may account for the discrepancy.
For comparison purposes, we show the median Taurus SED derived from previous ground-based and IRAS data (D'Alessio et al. 1999 ) as a dashed curve. Most of the infrared excesses of stars with disks in Tr 37 fall below this median SED. As discussed in more detail in x 4.3, we constructed a median SED for Tr 37 by scaling all the stars to the (dereddened) H flux and taking the median fluxes at the IRAC and MIPS bands. This Tr 37 median, shown as a solid curve in the SED figures, falls below the Taurus median in the IRAC range but nearly matches it at 24 m.
In summary, Figures 5 and 6 show a general tendency in Tr 37 for there to be less shorter wavelength excess emission compared with the longer wavelength emission relative to the median SED in Taurus. This behavior may indicate preferential dust settling or grain growth in the inner disk, as discussed further in x 4.3.
The SEDs for the low-mass stars in NGC 7160 (Figs. 7a and 7b) are mostly photospheric. Only two objects, 01-1152 and 01-580, show infrared excesses; in these systems, the excesses roughly match the Tr 37 median SED in the IRAC range but fall well below at 24 m, indicating further disk evolution (see x 4.3).
fig. 10afig. 6e
Fig. 6e fig. 10afig . 6f Fig. 6f fig. 10afig. 6f Fig. 6g  fig. 10afig . 6f Fig. 6h 3.2. Stars in the Tr 37 Globule
As described in Paper II and in x 2, there is a dust and gas globule in the western side of Tr 37 (see Fig. 4 ). Some stars and protostars have been detected in the globule from Spitzer data previously by Reach et al. (2004) . This region is almost certainly younger than the main cluster volume, which is within the H ii region ionized by the O star HD 206267. The ages of six lightly extincted globule members, 14-141, 11-2322, 14-287, 11-246, 14-11, and 14-125 , determined from optical photometry and spectroscopy (Paper II) and the Siess et al. (2000) evolutionary tracks, are 0.6, 0.9, 1.0, 0.9, 0.7, and 2.9 Myr, respectively. Therefore, we estimate an average age of 1 Myr for the population in the globule, significantly lower than the average age $4 Myr for the main cluster. This is consistent with the stars in the globule being a second generation of star formation triggered by the sweeping up of material by the expanding H ii region.
Due to the heavy extinction, most of the stars in the globule are not detectable at optical wavelengths, so they had not been studied previously. Here we use the 2MASS data together with our IRAC and MIPS data to identify potential embedded stars and protostars in this region, as described in xx 2.1 and 2.2. Figure 8 exhibits the colors and Figures 9a-9c the SEDs of the objects in the globule. We made an approximate classification of the systems into T Tauri stars with disks (Class II ) and heavily embedded protostars (Class I), based on their SEDs. We mostly used the slope of the SED in the IRAC range to make this classification, with objects having spectral indices s ¼ d ln kF k /d ln k ! 0 assigned to Class I and objects with s < 0 assigned to Class II. We do not rely strongly on the 24 m flux because of the difficulty of subtracting the bright background for many sources. Clearly there is some uncertainty in the classification, as heavily extincted T Tauri stars might appear to be protostellar.
We compared our results to those of Reach et al. (2004) , finding 15 young stellar objects in common out of the 17 described by Reach et al. (2004) . We do not find any significant excess for the star (using the nomenclature in Reach et al. 2004 ), described as Class II, and could be in fact 21370200+5731553, if there is a small offset of around 4 00 in the coordinates. The classes we find for the common stars are similar to the ones described in Reach et al. (2004) , differing only in the stars , , and , which we classify as Class I (and not I/0), and , which appears to be a Class II object with a disk and not a system between Classes I and II.
From the colors and shape of the SEDs, most of the objects in the globule are Class II objects or CTTSs, and they show extinctions much higher than the 4 Myr old main cluster members. We find a total of 11 Class I objects, and 32 Class II (see Table 6 and Figs. 9a-9c) . It is worth mentioning that a total of 15 additional objects were identified as having excesses only at 5.8 and 8 m. These have colors similar to the ''transition objects'' as well, but their large number and their location in parts of the globule with strong background at 5.8 and 8 m indicates that they are most likely contaminated by the high background; we therefore do not include them here.
Among the 57 objects selected in the globule photometry as globule members (see Table 6 ), 10 of them had been studied with Hectospec in Paper II (see Table 6 ), although only 6 of them were detected in our optical photometry. Of these objects, 9 are Class II objects or CTTSs, and the other one is a Class I protostar and does not have an optical counterpart. Another $15 objects with IRAC excesses had been observed with Hectospec as well, although their emission at optical wavelengths was so faint or extincted that no reasonable spectra were obtained. Among all the objects in the globule with faint optical counterparts, we only obtained one spectrum with good S/ N for 21364596+5729339. This object is clearly accreting, has a Class I SED, and no clear spectral type could be assigned to it due to heavy veiling.
A total of four more objects are members detected optically in the globule region (see Paper II), but they were not identified via the selection criteria used for detecting globule members (see x 2). Those four objects include three WTTSs and one CTTS. We are biased against including WTTSs in the globule because of our emphasis on IR excesses. Among the $120 objects consistent with low-mass stars according to their JHK colors, many are likely to be WTTSs, but we cannot determine their membership with the data available at this point. The high extinction over some parts of the globule should ensure low contamination from background stars, but we would require further spectroscopy for confirmation.
A comparison of Figure 8 with Figure 5 suggests that the Class II stars in the globule have slightly redder ½3:6 À ½4:5 versus ½5:8 À ½8 colors, more similar to the Taurus population than are the stars in the main region of the cluster. This is consistent with the globule stars being younger.
Visual inspection of the Spitzer images indicates a number of highly embedded objects located within some of the filamentlike structures in the globule. Unfortunately, we were not able to obtain low error photometry for them, due to the very strong contamination by the emission from the globule; follow up of these objects would be of great interest.
Intermediate-Mass Stars: Optically Thick and Thin Disks at 3-10 Myr
It is often difficult to determine ages for pre-main-sequence field stars of spectral type mid to late B, A, and F. For stars near the main sequence, small errors translate into large errors in age; in addition, there are substantial uncertainties in pre-main-sequence evolution for these intermediate-mass stars, and observational analyses suggest significant systematic errors (see Hartmann 2003 and references therein) . For this reason, detection of infrared excesses in intermediate-mass stars in the Tr 37 and NGC 7160 clusters, with reasonably well-defined ages from the low-mass populations, is of special interest. In the case of Tr 37, the existence of disks was suggested for the intermediate-mass emission-line stars MVA-426, MVA-437, and KUN-314S by Contreras et al. (2002) . By comparing their colors in the JHK to those of Herbig Ae/ Be stars, that is, stars with optically thick disks, Hernández et al. (2005) confirmed MVA-426 as a Herbig Ae/Be star, while MVA-437 was classified as a classical Be star. The nature of KUN-314S could not be established in these studies.
Figure 10 displays a sample of SEDs of intermediate-mass stars in Tr 37 and NGC 7160 that includes all the objects with detected excesses, plus several others with purely photospheric emission (for comparison). We compare them to the expected SED for a similar spectral type star (obtained from the colors given in Kenyon & Hartmann 1995) scaled to the optical data, and with the SED of the disk around the relatively young star HR 4796A (dashed curve), which may be a very young ''debris disk'' (see discussion in x 4.4).
We find excesses in several stars. MVA-426, although outside our IRAC fields, clearly has an optically thick disk, as indicated by its high flux at 24 m (an order of magnitude higher than the scaled flux of HD 4796A), and the large JHK excesses, in agreement with previous indications (Hernández et al. 2005) . KUN-314S, also outside our IRAC field, shows a small K excess and a 24 m excess, which is consistent with the scaled flux of HD 4796A. We adopted an intermediate A type for the scaling, since the spectral type of this star is not determined (Contreras et al. 2002) . Given these uncertainties and the lack of IRAC data, we cannot definitely discard the presence of an optically thick disk in this star. Finally, (spectral type B9) shows a moderate excess at IRAC wavelengths, which could be produced by free-free emission in a gaseous disk rather than dust. Given that this star is out of our MIPS field, we cannot confirm any excess at 24 m. A small IRAC excess at 8 m may also be present for KUN-86 (spectral type F9), but the lack of MIPS observations does not allow us to confirm the detection. We do not detect any IRAC excess for the third emission-line star, MVA-437, and no MIPS observations are available for it, so we do not have any evidence for dusty disk emission.
In addition, the MIPS 24 m observations reveal several objects in Tr 37 with low infrared excesses suggestive of an optically thin outer disk around other stars in Tr 37: MVA-1312 (spectral type B4), CCDM+5734Ae (spectral type B3), and/or CCDM+ 5734Aw (spectral type B5), MVA-468 (spectral type B7), and MVA-447 (spectral type F0). We do not resolve the two binary fig. 7afig . 7bfig. 7c Fig. 7. -SEDs for low-mass stars in NGC 7160. Details of photometry, classification, and comparison photospheric and disk SEDs are the same as in Fig. 6 . fig. 10afig . 7e Fig. 7a  fig. 10afig . 7e Fig. 7b fig. 10afig. 7e Fig. 7c stars CCDM+5734Ae/w (spectral types B3 and B5), since they are separated less than 0B9. According to the Hipparcos survey of double and multiple stars ( Perryman et al. 1997) , both stars are part of a multiple system. The F9 accreting star 21374275+ 5733250 is close to the system, as well, although we do not have any information about whether it forms part of a multiple system. These three stars are close to a small patch of nebulosity, which might indicate as well that they belong to a younger population. In summary, we detect three optically thick disks and three to five optically thin disks around BAF-type stars in Tr 37. In the case of NGC 7160, we detect a total of three optically thin disks with excess at 24 m: DG-481 (spectral type A7), DG-39 (spectral type A0), and DG-682 (spectral type A2). DG-481 could have a small excess at 8 m. DG-62 (not shown) may also have a very small excess at 5.8 and 8 m, although the lack of MIPS observations in this area does not allow us to confirm it as another detection. Therefore, we detect three to four optically thin disks among the BAF stars in NGC 7160. We find no evidence for optically thick disks in the NGC 7160 sample.
From the observations of diskless B stars, we can confirm the lower limit for the detectability of 24 m flux to be kF k $ 1 ; 10 À13 ergs cm À2 s
À1
, as mentioned in x 2. This would explain why most of the detections occur for the earlier (B-and A-type) stars, as we cannot detect optically thin disks around any but the most luminous systems in our sample. Our CepOB2 sample therefore cannot be used to assess optically thin disk frequencies for BAF-type stars because our detection limits are too high.
Detections at 70 m
A total of four stars in Tr 37 had MIPS 70 m counterparts. These stars are two of the protostars in the globule, the G1 CTTS 13-277, and the Herbig Ae/Be (B7) star MVA-426. The SEDs of these stars, including the 70 m emission, are shown in Figure 11 . Only the very brightest systems could be detected at the distance of Cep OB2.
DISCUSSION
Disk Accretion and Infrared Excesses
About 48% of the low-mass stars in Tr 37 show excess emission from a disk in the IRAC bands. This fraction is fairly consistent with the $43% of stars found to be accreting based on the H EWs reported in Paper II. In general, stars with infrared excesses show excess H emission above chromospheric levels, as found earlier from L-band studies (Hartigan et al. 1990) , with a few exceptions, which we discuss here.
First, one must define more precisely what constitutes a CTTS. White & Basri (2003) adopt emission equivalent widths in H À3 8 in K0-5 stars (i.e., emission equivalent widths ! 3 8) and EW H 10 8 for K7-M2.5 stars. We have classified several of our stars as K6, which falls in the classification gap at a point where the critical equivalent width increases by more than a factor of 3. For present purposes we simply adopt EW H À6 8 at K6 as the criterion for CTTSs. Given that our spectral typing is generally uncertain by 0.5-1 subclasses, it will be difficult to distinguish low-emission CTTSs from WTTSs at $K6, even without considering intrinsic ambiguities in emission levels for variable accreting objects.
The stars 13-819 ( K5.5, EW H ¼ À10:2 8), 12-1613 (M1, À13.0 8), 12-1422 (M0, À17.0 8), and 21-1586 (K7, À16.0 8) exhibit strong enough H emission to be classified as CTTSs but show no detectable infrared excesses in our wavelength region. The star 12-1825 ( M0, À10.0 8) may have an excess at 8 m but the [5.8] magnitude seems to be strongly in error, which precludes a definite conclusion. The spectra of all of these objects except for 13-819 were obtained with Hydra and therefore there can be large errors in the determination of H equivalent widths due to difficulties in subtracting the nebular (H ii region) fig. 9afig . 9bfig. 9c Fig. 9. -SEDs for the stars and protostars detected in the Tr 37 globule, combining optical data where available with 2MASS and IRAC/MIPS results. An asterisk or the optical ID was added when the star had been observed with Hectospec. Curves have the same meaning as in Fig. 6 . We mark with a colon the uncertain members. Note that long wavelength fluxes for some objects can be strongly affected by difficulties in subtracting the bright and highly variable background (see text).
fig. 10afig. 7e
Fig. 9a fig. 10afig . 7e Fig. 9b fig. 10afig. 7e Fig. 9c background in Tr 37 (see Paper II ). Because the EW of 13-819 is so close to the CTTS limit, it may be that its emission is only chromospheric. High-resolution spectra would be needed to detect the broad H profile associated with accretion (e.g., White & Basri 2003) . The stars 12-1027 (M0, EW H ¼ À11:0 8) and 12-94 (K4, À4.0 8) are right at the limit of CTTS classification from H and show marginal evidence for an excess at 8 m. The CTTS 12-1968 (K6, À11.3 8) has photospheric IRAC colors but is bright at 24 m; as noted in x 3.1, more careful analysis is difficult because there is an apparent jump in the SED between the 2MASS and IRAC colors (Figs. 6a and 6d ) .
Conversely, some stars nominally classified as WTTSs can exhibit excesses in the IRAC bands. Some stars with strong IRAC excesses consistent with optically thick disks, including 11-1209 (K6, EW H ¼ À4:0 8), 14-141 (K6, À5.0 8), 23-162 (K7, À6.4 8), 21-2006 (K5, À1.8 8) , and 13-1250 (K4.5, À2.5 8) are near the spectral type region where the H criterion varies rapidly with spectral type; misclassification by a subtype, variability, or even intrinsic uncertainties in the classification of accreting stars by H equivalent widths could account for the discrepancy between infrared type and spectroscopic emission class. (We note that we found evidence of accretion from U-band excesses in 11-1209 and 23-162; Paper II ) .
Why a few other WTTSs have strong IRAC excesses consistent with optically thick disks-especially 91-155 ( M2.5, EW H ¼ À7:8 8), 22-1418 (M1.5, À2.2 8), and 24-170 (K7.5, À4.4 8)-is not obvious. The star 14-11 ( M1.5, À5.3 8) exhibits modest excesses in the IRAC bands but is very bright at 24 m; as this object is projected onto the globule, the longwavelength flux may be overestimated due to the bright background. The low equivalent width of H in 13-1048 (M0, À7 8) 53-1762 (M0, À1.7 8) may be a result of strong continuum veiling, given the evidence for U excesses (Figs. 6e-6h ).
Similar cases of accreting WTTSs had been reported previously, for instance, by Littlefair et al. (2004) , who suggested that the discrepancy between emission class and accretion could be produced by the strong variability of CTTSs, very low accretion rates resulting in weak (although broad) H emission, eclipses produced by the disk, and/or the presence of optically thick accretion flows occulting the chromospheric line emission (in very strong accretors).
If we eliminate objects whose H equivalent widths are near the boundaries of the CTTS/WTTS classification, only about 7% of the program objects depart from the general correlation of infrared excess with accretion. Some of these objects may be explained as systems in which the inner disk (small) dust has been cleared by some combination of dust agglomeration or large solid body formation with or without stopping accretion (see x 4.2).
''Transition'' Disks
Recent studies have indicated that a few nearby young stars have optically thick outer disks with optically thin inner regions stretching to radii of one to a few astronomical units (e.g., Calvet et al. 2002; Rice et al. 2003; Uchida et al. 2004; D'Alessio et al. 2005b; Calvet et al. 2005) . Some of these systems are accreting, others not, suggesting that coagulation of small dust into larger bodies may occur faster than the elimination of inner disk gas, which can accrete onto the star. Tr 37 provides an interesting sample to examine the possible frequency of these systems.
For present purposes we define a ''transition'' disk as a lowmass system that has no detectable excess in the ½3:6 À ½4:5 color but that shows evidence of longer wavelength excesses at ½5:8 or ½8; e.g., stars that lie below the Taurus and model boxes in the top left panel of Figure 5 . In this region we find eight WTTSs (Marschall & van Altena 1987; Kun et al. 1987) , UBV photometry for NGC 7160 (De Graeve 1983) , and 2MASS JHK magnitudes, corrected for reddening (see Paper II), and IRAC and MIPS observations for both clusters. As before, photospheric fluxes for a standard star of the similar spectral type (derived from the colors in Kenyon & Hartmann 1995 and fitted to the BV data) are displayed as dotted curves. The SED of HR 4796A is shown as a dashed curve (Jayawardhana et al. 1998) . fig. 10afig . 10b Thus, roughly 5% of the total sample, or approximately 10% of the stars with disks, exhibit some evidence for strong inner disk clearing. The IRAC and MIPS observations confirm the results of Paper II in NGC 7160 as well. There is clearly a disk around the only one star with strong H, 01-580 (K4.5, À90 8). The Spitzer colors reveal another disk around the star 01-1152 (M1.5, À5.5 8). For this spectral type, the value of H indicates no accretion, and furthermore no significant excess is measured at wavelengths shorter than 4.5 m. Given that no misleading background emission is found in NGC 7160 and that the errors in H measurements with Hectospec (Paper II) are small for these two high-S/N spectra, 01-1152 must be either a very slow accretor or have an inner gap that prevents it from accreting like those weak-lined stars with disks in Tr 37. Only 01-554 in NGC 7160 shows a small excess at 8 m and no excesses at other wavelengths.
The low frequency of transition disks in Tr 37 suggests a short lifetime for this phase relative to the timescale for overall disk dissipation, consistent with the idea of more rapid dust evolution in the inner disk.
Disk Evolution in Cep OB2
The striking differences in disk fraction between Tr 37 and NGC 7160 are a clear example of important disk evolution between the ages of 4 and 12 Myr. In addition, we see clear evidence of evolution of SEDs even for optically thick disk systems. To examine this issue in more detail, we computed median SEDs for stars with disks, normalizing all objects at H and computing the resulting differential median flux at each bandpass, as mentioned earlier in x 3.1. Figure 12 shows a comparison of the median SEDs for disk systems in Tr 37 not included in the globule, the Taurus median (D'Alessio et al. 1999) , the average of the two disks in NGC 7160, and the disk of TW Hya ). The sequence of evolution from 1 to 10 Myr is evident. Comparing the 1-2 Myr disks in Taurus with Tr 37, we observe a decrease in the emission with increasing age. The decrease is more pronounced at 8 than at 24 m (see also the SED; Figs. 6a-6i), suggesting a more rapid decrease in dust emission in the inner disk. The very few optically thick disks around 01-580 and 01-1152 in NGC 7160 exhibit lower emission at all the wavelengths, very similar to the emission of a flat irradiated disk (Hartmann 1998) . These observations support the idea of dust settling and/or grain growth with increasing age being responsible for the decrease in emission, with faster evolution in the inner disk due to the faster timescales of coagulation there (Hayashi et al. 1985) . Interpreting these results in detail will require disk models such as those of D' Alessio et al. (2005a) with grain growth and settling as a function of radius.
We can compare the disk frequencies observed in Tr 37 and NGC 7160 to those observed in other regions of different ages. For this purpose, we have compared the results in Cep OB2 to the data for NGC 2024, Trapezium, Taurus, IC 348, Chameleon I, NGC 2264, and NGC 2362 discussed in Haisch et al. (2001) . Haisch et al. (2001) study the disk fraction, obtained as a JHKL excess, versus the age of the different regions, in order to trace the evolution of the disk. In lieu of L-band observations, we used the IRAC magnitudes at 3.6 m along with the 2MASS JHK magnitudes in order to define a similar disk fraction. We included excesses at least 3 above photospheric levels, dereddening the colors using the individual extinctions (see Paper II). The study in Tr 37 is complete in the inner region of the cluster and unbiased if we exclude the objects without optical counterparts selected with IRAC (see Paper II), so we studied the fraction of objects with JHK and 3.6 m excesses among the 101 cluster members with good IRAC and 2MASS data in the inner region.
The survey is not complete in NGC 7160 (see Paper II), but we can use the data available as an upper limit to the disk fraction, given that all objects with IRAC excesses in the NGC 7160 field have been observed. From Paper II, the average ages of Tr 37 and NGC 7160 are 4:2 AE 0:3 and 11:8 AE 0:9 Myr, respectively, derived using the isochrones by Siess et al. (2000) on the dereddened V versus V À I diagram. The fraction of stars with JHK and 3.6 m excesses similar to those described in Haisch et al. (2001) is 43% in Tr 37 and 2% in NGC 7160 (this last result being an upper limit). Figure 13 shows the comparison with the regions presented in Haisch et al. (2001) . There is a good agreement among all the data points, showing a clear trend that indicates that the disk fraction with JHKL excesses decreases with time, and most disks do not have excesses, or they have otherwise disappeared, by the age of $10 Myr.
With our IRAC data and the optical study in Paper II, we can compare the errors in the disk fraction obtained via H, JHK, and 3.6 m excesses, as well as the IRAC and MIPS SEDs. From Paper II, the fractions derived from H were 43% for Tr 37 (with an estimated error of $AE5%), and 2% (upper limit) for NGC 7160. They are consistent with the fractions derived from JHK and 3.6 m excesses. The fractions derived from the SEDs are 48% for Tr 37 and 4% (upper limit) for NGC 7160. Besides the small measurement errors affecting a few objects in each method (the measurement of H described in x 4.1, and the fact that two diskless stars show K À ½3:6 excess (most probably due to errors beyond 3 in the photometry), whereas eight stars with disks do not show such an excess), the main difference between the different disk fraction estimates comes from the transition disks, some of which do not exhibit (obvious) excess H emission.
Due to the large samples in Tr 37, the disk fraction results do not change much using any of the three methods, but the effect of not detecting ''transition objects'' could be more noticeable in regions with small disk fractions, like NGC 7160 and NGC 2362. The dust settling /grain growth that produces a decrease in the emission at shorter wavelengths in the accreting CTTSs, together with the presence of some transition disks among the WTTSs, could explain why the JHKL fraction for the 5 Myr old NGC 2362 produces a disk fraction smaller than what would be expected taking into account the presence of disks in older regions.
Our results for NGC 7160 are in reasonable agreement with other observations of regions of comparable or slightly lower age. The $10 Myr old TW Hya association has a disk frequency of order 10%, depending upon whether one uses an accretion diagnostic (e.g., Muzerolle et al. 2000; Calvet et al. 2002) or infrared excess (Jayawardhana et al. 1999 ). In the 5-9 Myr old Cha association, Lyo et al. (2003) reported L-band excesses in 60% of the stars, while Haisch et al. (2005) detected L 0 -band excesses in only 17% of the members. As discussed further by , the derived frequency of disks in Cha is sensitive to the wavelength of observation.
Debris Disks at 3-10 Myr
The nature of debris disks around Vega-like stars is still a matter of discussion. Optically thin debris disks found around main-sequence stars are supposed to be formed by the reprocessed dust produced by the collision of planetesimals, after the formation of a planetary system (Backman & Paresce 1993) . According to this picture, debris disks should appear after timescales similar to those of planet formation, $10 Myr (Wyatt & Dent 2002) . On the other hand, the extreme youth and brightness of some of the known stars with debris disks ( HR 4796A, A0 star, $8 Myr old, hundreds of times the photospheric flux at 24 m; see Stauffer et al. 1995; Jayawardhana et al. 1998) , together with the comparison with Herbig Ae/ Be stars, suggest that maybe some of these Vega-like disks could belong to the intermediate stage between pre-main-sequence stars with dusty disks and older, mainsequence stars (Dunkin et al. 1997) . Finding data to support either of the two pictures encounters difficulties in both determining the age of intermediate-mass stars on the main sequence and detecting the faint IR emission from debris disks.
It is possible that some of the optically thin disks that we detect in Tr 37 and NGC 7160 are in fact the remnants of protoplanetary disks, instead of the consequence of collisions of planetesimals giving birth to debris disks. One clue might be if we could find some evidence of time evolution between the ages of Tr 37 and NGC 7160. However, we find the same number of optically thin disks in the two clusters (3-5 in Tr 37 and 3 in NGC 7160) that have a similar number of intermediate-mass members (58 in Tr 37 and 68 in NGC 7160). Our detection of optically thin disks at 24 m is obviously limited by our sensitivity at the substantial distance of Cep OB2, as well as by small-number statistics, so this comparison is inconclusive. Our only evidence for disk evolution in intermediate-mass stars currently lies in the frequency of optically thick disks, three in Tr 37 versus none in NGC 7160.
The excess emission over the photosphere at 24 m in the optically thin disks in both clusters ranges from $7 to $38 times the photospheric flux and is around 20 on average. This value is much higher than the excess value measured for older stars ( Rieke et al. 2005 ) but smaller than the excess observed in HR 4796 A, which is around 100. Even though our small sample size and limited sensitivity do not allow us to study the dependence of optically thin disk brightness with time, we note that an excess of around 15-20 times more flux over the photosphere is consistent with the theoretical calculations of debris disks around young stars by Kenyon & Bromley (2005) , suggesting that some or all of our optically thin disks could be debris disk systems.
In order to reveal the characteristics of the dust in these disks and determine whether it may be similar to the reprocessed dust in debris disks or the dust in protoplanetary, accretion disks, obtaining IR spectra (i.e., using IRS on Spitzer) would be required. Longer wavelength observations for the detection of larger grains and the outermost disk, as well as UV spectra to detect the emission of H 2 gas in the disk, would be the logical continuation of this work.
Completeness and Spatial Distribution
As discussed in Paper II, our survey of Tr 37 members is fairly complete for intermediate-mass stars (spectral types B, A, and F), and for low-mass stars from late G to M0-M1 (outside of the globule). Using the IRAC photometry, we are able to search for CTTSs that may have been missing in our optical study for various reasons, particularly for the lower mass stars that were too faint for good optical photometry.
To make the most secure identifications, we require our IRAC detections of possible excess sources to have 2MASS counterparts, which also allowed us to make a consistency check on stellar colors. The J magnitude from 2MASS 10 is the least affected by the presence of a disk and can be used to roughly determine the magnitude and spectral type range of the candidates. The range J ¼ 14-16.5 corresponds roughly to spectral types M2-M4.
The total number of IRAC excess objects with 2MASS identifications in Tr 37 with photometric errors less than about 0.1 mag is 152, of which approximately half have errors of around 0.05 mag. We rejected a few objects with 2MASS colors inconsistent with the low-mass stellar region in the J À H versus H À K and J versus J À H diagrams. According to Papovich et al. 2004 , we should expect only a total of one to two galaxies with red colors and fluxes larger than 5 mJy at 24 m, considering the area covered. About 20 of these objects have J < 14, which would correspond to the typical objects of spectral types K6-M2 that we detected in our optical study, assuming ages similar to the ages of the cluster members.
In Paper II, using a standard initial mass function and scaling from the optical survey stars of type M0 and earlier, we estimated that there might be another 40-50 stars of types M1-M2 and another 300-350 M stars in total that had been missed in the optical survey. The 20 stars with J < 14 are consistent with this estimate of missing M1-M2 stars, if one considers that there should be roughly as many missing WTTSs as the potential CTTSs we find with IRAC. Many of the rest of the potential IRAC CTTSs could be stars of spectral types M3-M4, of which there should be another 80-100 (Fig. 8 of Paper II). Thus, we conclude that the number of additional IRAC sources not in our optical survey is roughly consistent with them being somewhat later members of the cluster. Deeper optical spectroscopy will be required to verify membership.
Since 102 of the detected IRAC excess objects (two-thirds of the total) are located to the west of HD 206267, we find the same spatial asymmetry with respect to the ionizing O star as was seen in our optical survey (Paper II ).
SUMMARY AND CONCLUSIONS
We have studied the IRAC and MIPS data from Spitzer for the members of the clusters Tr 37 (4 Myr) and NGC 7160 (10-12 Myr) in the Cep OB2 association, which had been detected and confirmed via optical photometry and spectroscopy in Paper II.
For the low-mass members, we find a good correlation between the presence of accretion disks and the strength of the H emission line. We confirm the result in Paper II, that about 48% of the stars in Tr 37 have disks, whereas only two disks are detected in NGC 7160. We find a total of 11-14 ''transition objects'' in Tr 37 ($5% of the members; 10% of the systems with disks) and one in NGC 7160. We find clear evidence for differential evolution in optically thick disks as a function of age, with faster decreases in the infrared excesses at shorter wavelengths, consistent with more rapid dust evolution in inner disks.
Examining the intermediate-mass stars (spectral types B, A, and F), we find substantial differences between the two clusters. Combining IRAC and MIPS data, we find evidence of six to eight disk systems in Tr 37 and three in NGC 7160. A total of three disks in Tr 37 are optically thick, showing emission at IRAC wavelengths, whereas none of the disks in NGC 7160 presents IRAC emission. The rest of the intermediate-mass star disks in Tr 37 and NGC 7160 are optically thin, detectable only at the 24 m MIPS wavelength. The 24 m luminosities of these optically thin disks relative to the stellar luminosity are generally somewhat less than that of the young, possible debris disk HR 4796A (Jayawardhana et al. 1998 ).
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